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Under a flexible inflation targeting regime, should policymakers avoid any reaction to movements in the foreign exchange market? Using data for six advanced open economies explicitly targeting inflation, the paper examines empirically whether real exchange rate disequilibria systematically affect the conduct of monetary policy. Estimates indicate that monetary policy responses in inflation-targeting, open economies have changed significantly, as the institutional framework for the conduct of monetary policy has evolved. In particular, an explicit target for core inflation and a greater use of the expectation channel of monetary policy appear to be key features of the newest policy framework. In this context, central banks are unlikely to react to regular fluctuations in the exchange rate. 
I. INTRODUCTION
In a number of industrial countries, an inflation targeting regime has been instrumental in taming inflation and stabilizing the economy, and appears to have gained considerable credibility over time. 2 Central banks have generally operated a flexible inflation targeting regime, smoothing interest rate adjustments over a "reasonable" time horizon, while taking into consideration both variability in output and variability in inflation. 3 In most cases, recent measures have further improved both the flexibility and the transparency of the policy framework, thus enhancing guidance to the markets. 4 An unsettled issue in inflation-targeting open economies remains, however, whether deviations of the real exchange rate from equilibrium should be taken into account in formulating monetary policy. Under a flexible inflation targeting regime, should policymakers focus solely on domestic variables and avoid any reaction to movements in the foreign exchange market? Or is it correct to claim that "a substantial appreciation of the real exchange rate [...] furnishes a prima facie case for relaxing monetary policy," as argued by Obsteld and Rogoff (1995, pp. 93) ? The primacy of inflation targeting entails that, as soon as macroeconomic indicators suggest that inflationary pressures begin to surfacing, the monetary authority should start a gradual policy tightening. Indeed, delays in rising interest rates might undermine the credibility of the inflation targeting framework itself. In practice, however, the room for maneuver of open economies' policymakers is likely to be constrained by the need to avoid an exchange rate appreciation that would damage the traded goods sector. Should this prospect make a case against an immediate policy tightening?
Using data for six advanced open economies explicitly targeting inflation (e.g., Australia, Canada, New Zealand, Norway, Sweden, and the United Kingdom), this paper examines empirically whether deviations of the exchange rate from equilibrium systematically affect the conduct of monetary policy. For this purpose, we first assess the role of the exchange rate as information variable into the policy decision-making process, and then test whether it also enters as a separate argument in a forward-looking interest rate reaction function.
Open economies targeting core inflation do not seem to react to regular fluctuations in the exchange rate. Nonetheless, in three out of six cases (Canada, Australia, and New Zealand)-e.g., in those countries where exports of non-oil commodities play a major role in the economy-the real exchange rate emerges as an independent monetary policy target. Tellingly, in all cases considered, exchange rate disequilibria appear to be valuable inputs for monetary policy decisions.
Estimates from rolling regressions also indicate that monetary policy responses in inflationtargeting open economies have varied significantly over time. As the institutional framework for the conduct of monetary policy has evolved over recent years, the parameterization of interest rate reaction functions has changed accordingly. The use of an explicit target for core inflation and a greater use of the expectation channel of monetary policy appear to be key features of the newest policy framework. We interpret this evidence as an indication that central banks' credibility has increased over time and is now well established. At the same time, putting private sector perceptions about the stability of monetary policies at center stage highlights the importance of central bank communication.
The paper is organized as follows. Section II briefly reviews the standard framework of analysis of forward-looking monetary reaction functions. The model is generalized to an interest rate rule explicitly allowing for real exchange rates to act both as information variables and as monetary policy targets. Inter alia, alternative targets for inflation and a range of proxies for the output gap are here examined. Section III reports the main empirical results from estimating standard forward-looking rules as well as augmented forwardlooking Taylor rules, which takes into account possible exchange rate targeting. For each country, the actual and the implied value of the policy interest rate under the standard and the augmented monetary reaction function are shown. Finally, changes in central banks' behavior over time are analyzed by presenting results from rolling regressions, in which parameter estimates are reported over successive forty-quarter windows. The results are open to several interpretations, which are discussed in the concluding section.
II. THEORETICAL BACKGROUND
Extensive academic work on monetary policy tends to characterize conduct in terms of interest rate rules and consequences in stylized models embedding these rules. 5 According to this framework, short-term money market rates are set to stabilize domestic variables-such as price inflation and real output-around their equilibrium path. Several contributions within the so-called New Keynesian synthesis have shown that-under quite general conditions-a simple, inward-looking, interest rate rule can be regarded as an optimal policy response for a closed economy. 6 Less attention has been paid to the choice of monetary policy objectives in an open economy context, given that an open economy is isomorphic to a closed economy whenever the exchange rate pass-through to import prices is complete. 7 In other words, under complete exchange rate flexibility, open economies' policymakers should also be focused uniquely on domestic targets. Unfortunately, there is extensive evidence that-in reality-departures from the law of one price for traded goods prices are large and pervasive.
8 Under these circumstances, policy choices are hardly independent of exchange rate dynamics and monetary conduct is liable to focus on more than just domestic stabilization.
9 Indeed, recent empirical studies provide evidence that exchange rates are statistically significant in interest rate rules depicting the reaction function of major economies.
10
Following a widespread approach in the literature of flexible inflation targeting, this paper assumes that central banks face a quadratic loss function over inflation and output.
11 Under standard conditions, this implies that in each period the monetary authority has a target for the nominal money market interest rate * t i , which is a function of the gaps between expected inflation and output from their respective targets: * π is the level of inflation implicitly or explicitly targeted by the central bank, whereas the output gap, y , is defined as the difference between the level of real output and its efficient level. The coefficients β and γ measure the strength of (long-run) policy responses to deviations from the target variables. A parameter γ=0 suggests a pure inflation target, whereby monetary policy is uniquely concerned about price stability and does not aim at stabilizing business cycle fluctuations. If β <1, policy is attempting to accommodate inflationary shocks, which-7 On this point, see Galí and Monacelli (2002) .
over the long run-will lead to instability as real rates respond perversely to inflationary disturbances. 12 However, central banks are likely to react gradually to expected deviations from targets, by smoothing their policy rate adjustments over several periods. 13 To account for this behavior, the interest rate rule (1) is modified by allowing for a second-order partial adjustment to the target rate, namely:
where ( ) L ρ is generalized to a second-order polynomial, L is the lag operator, * t i is the target rate whose behavior is described by equation (1), and t v is a zero-mean interest rate shock. Combining equations (1) and (2) [ ]
which, in turn, allows direct inference of the policy responses, β and γ, and derivation of the implied (ex-ante) equilibrium real interest rate,
known. So far, the only innovation in this policy rule specification regards the inclusion of two (rather than one) lagged terms in the interest rate. As discussed below, this more flexible dynamic structure provides a better description of some of the changes in monetary responses over time.
It is under debate whether and how exchange rates (and asset prices, in general) should be taken into account in formulating monetary policy. 14 While it is unanimously recognized that exchange rates are useful indicators of inflationary pressures in the economy (because changes in the exchange rate feed through into domestic prices and affect aggregate demand), central bankers have often been explicit about the fact that exchange-rate stabilization is not a direct target of policy. To assess whether this is really how they act, the interest rate rule (3) is further generalized to allow for policymakers' responses to exchange rate disequilibria:
where e t k e + denotes the forward-looking real exchange rate. In line with recent empirical literature, purchasing power parity (PPP) is assumed to hold in the long run, so that the real exchange rate follows a persistent, albeit stationary, process. The equilibrium real exchange rate can thus be captured by a constant included in the intercept term α % of the "augmented interest rate rule" (4), implying that central banks attempt to correct expected misalignments from PPP. If the real exchange rate is expressed as the domestic price of foreign currency, the resulting monetary rule will stabilize it if δ > 0, as an appreciation of the real exchange rate will require a cut in the short-term interest rate. Under the augmented specification, the implied (ex-ante) equilibrium real interest rate will hence be identified only if both the inflation target and the equilibrium real exchange rate are known:
Under rational expectations, central banks form their forecasts of future inflation, output gap, and real exchange rate using all relevant information available at the time the interest rate is set. Let z t denote the vector of indicators comprising the central bank's information set at that time (i.e., t t ∈ Ω z ). If the monetary authority adjusts the interest rate according to the augmented interest rate rule (4), while forming expectations of future variables in a fully rational manner, then there must exist a set of parameters { } (4) are orthogonal to the information set available, z t . Formally, 0
. This set of orthogonality conditions forms the basis of the estimates, using the Generalized Method of Moments (GMM). In addition, the validity of the set of instruments used can be tested by means of overidentifying restrictions, provided the number of instruments in z t is greater than the number of parameters to be estimated.
The dataset comprises quarterly data from January 1984 to June 2004 for six inflation targeting, open economies: Australia, Canada, New Zealand, Norway, Sweden, and the United Kingdom. The baseline inflation measure is the annual core inflation rate (
, as reported by national monetary authorities. Because this measure is generally available only over recent periods, the series were extended backwards using the fourth differences in the log of CPI, as reported by the IFS database. Results are however also described using fourth differences in the log of CPI series ( CPI π ) throughout the sample. Figure 1 plots the instrument interest rate for each of the six countries against measures of underlying and headline inflation.
15 Standard deviations of the countries' policy rates are estimated in the order of 1 percent, with the exception of New Zealand, where the volatility is slightly higher (around 1.3 percent).
As for the output gap, the preferred indicator is the growth gap ( DGAP y ), given recent findings on the optimal policy response to potential output uncertainty (Orphanides and van Norden, 2002) . Results are also reported for two alternative measures of the output gap: the HodrickPrescott filter for the level of real output ( HP y ), and the real unit labor cost after adjusting for wage markup ( ARMC y ), constructed as documented in Galí, Gertler, and López-Salido (2001) . Figure 2 seems to confirm that the three output gap series are, overall, positively correlated. 16, 17 Finally, for all countries, misalignments from PPP are proxied by the logs of the real effective exchange rates based on CPI, given that real effective exchange rates series based on unit labor costs were not available for all countries. 16 Our measures of activity refer to the whole economy. As such, they do not correct for sizable supply-side shocks to the agriculture sector. 17 In all cases, pairwise correlations between the Hodrick-Prescott output gap ( Estimation results yield parameter values broadly consistent with previous findings reported by the literature for inflation targeting countries. In particular, for Norway, New Zealand, Sweden, and the United Kingdom, for each of the specifications considered, the estimate of β is always correctly signed, strongly significant, and greater than unity, while the estimate of γ is not statistically different from zero at conventional significance levels. This implies that central banks in these countries have responded only to deviations of expected inflation from target, not to the expected output gap, which is consistent with a pure inflation targeting regime. 18 As for Australia, the estimate of β is strongly significant and greater than unity, but there is also some evidence that monetary policy aims to stabilize expected business cycle fluctuations. The evident outlier is Canada, for which monetary policy responses to both inflation and output gap are much stronger than in other countries, though the parameters are estimated with far less precision. Likely, shifts in the behavior of the Canadian monetary authority may not be described accurately by the framework at hand. Indeed, the close link with the United States may have forced the Bank of Canada to have a watchful eye on the U.S. Federal Reserve's behavior, whereas our current interest rate reaction function does not account for any systematic response to the U.S. monetary policy stance.
III. EMPIRICAL RESULTS
For all specifications and for each country, the overidentifying restrictions cannot be rejected, with the Hansen test supporting the validity of the information set used. Given that the instrument set used comprises four lags in the log of the real effective exchange rate, the result of this test can be interpreted as follows: under the null hypothesis, the central bank adjusts the interest rate according to the reaction function (3), with the expectations of future inflation and output based on the relevant information available at time t. The assumption that inflation and output gap forecasts are also based on available information from the foreign exchange market cannot be statistically rejected. 1/ The estimated parameters refer to equation (3). Estimates are obtained by GMM with Heteroskedastic and Autocorrelation Consistent covariance matrix, obtained by nonlinear three-stage least squares. The Bartlett kernel is used to weight the covariances in order to ensure the covariance matrix to be positive semidefinite. The Newey-West fixed bandwidth is used, so that the weights given by the kernel do not change with the autocorrelation in the data. The sample period is 1984Q1 to 2004Q2. The instruments set includes a constant, the log-difference of a world commodity price index, plus 4 lags of output gap, fourth differences in prices, interest rate, and log real effective exchange rate. The forward-looking horizon is one quarter for each target variable. J-test is the test for overidentifying restrictions (Hansen, 1982) , which is distributed as a χ 2 under the null. For this test, only p-values are reported. HAC-consistent standard errors are given in parentheses.
Next, the parameters { } 1 2ˆˆ, , , , ρ ρ β γ δ % % % % for the six countries in our sample are estimated using an augmented interest rate rule such as (4). The target horizon for the three forward-looking variables-inflation, output gap, and real exchange rate-is still assumed to be one (i.e., 1
The results of the GMM estimation are reported in Table 2 , using alternative measures of inflation and output gap. In all countries except the United Kingdom, there is some evidence that-over the sample-real exchange rate movements have direct explanatory power in characterizing interest rate changes. In Norway and in Sweden, deviations from PPP play a role in explaining interest rate movements only if the monetary authority is believed to target headline rather than core inflation. Only in those economies that are commonly lumped together as the "commodity currencies" (e.g., Canada, Australia, and New Zealand), the real exchange rate yields significant (and correctly signed) parameter estimates, even when the central bank is assumed to stabilize core inflation. However, it is worth noticing that in countries where exports of non-oil commodities play a major role, exchange rate fluctuations are likely to reflect changes in the equilibrium exchange rate due to commodity prices shocks rather than deviations of the REER from equilibrium (Chen and Rogoff, 2003) . Under these circumstances, monetary authorities are unlikely to smooth exchange rate volatility through changes in the interest rate (Clinton, 2001) . Unfortunately, our empirical framework cannot distinguish between different sources of exchange rate fluctuations, as it implicitly assumes a time-invariant REER equilibrium.
Overall, the inclusion of exchange rate disequlibria do not seem to affect appreciably the model's interest rate predictions. To aid interpretation of the results, Figure 3 shows, for each country, the actual interest rate and its estimated value implied by the baseline standard forward-looking Taylor rule (Table 1) and by the preferred augmented interest rule specification allowing also for exchange rate responses ( Table 2 ). The interest rates implied by the estimated rules characterize well the behavior of the actual rates. Indeed, both specifications of the reaction function satisfactorily trace the dynamics of the interest rates. The simple visual inspection of the models' predictions suggests that the contribution of real exchange rate disequilibria is not sufficient to distinguish between the two models. Interestingly, even for Australia and New Zealand-where deviations from PPP play a slightly greater role in explaining interest rate movement, given our preferences for measuring inflation and output gap-it is the standard Taylor rule to provide better fit over the latest quarters of the sample. This suggests that central banks have been recently inclined to ignore real exchange rate misalignments.
A more flexible approach to inflation targeting implies that central banks can decide to apply a somewhat longer period for bringing inflation back to target. The horizon for achieving the inflation target implicitly provides some indication of how much weight the central bank gives to stability in the real economy. Considerable emphasis on stability in the real economy-at the expenses of somewhat greater and more persistent deviations from the inflation target-implies a relatively longer horizon. A precondition for a longer monetary policy horizon is that financial market participants are confident that inflation will be low and stable over time. Indeed, financial market confidence in the inflation target provides central banks with greater scope for promoting stability in the real economy. 1/ The estimated parameters refer to equation (4). Estimates are obtained by GMM with Heteroskedastic and Autocorrelation Consistent covariance matrix, obtained by nonlinear three-stage least squares. The Bartlett kernel is used to weight the covariances in order to ensure the covariance matrix to be positive semidefinite. The Newey-West fixed bandwidth is used, so that the weights given by the kernel do not change with the autocorrelation in the data. The sample period is 1984Q1 to 2004Q2. The instruments set includes a constant, the log-difference of a world commodity price index, plus 4 lags of output gap, fourth differences in prices, interest rate, and log real effective exchange rate. The forward-looking horizon is one quarter for each target variable. J-test is the test for overidentifying restrictions (Hansen, 1982) , which is distributed as a χ 2 under the null. For this test, only p-values are reported. HAC-consistent standard errors are given in parentheses.
Monetary authority's scope of maneuver tends to increase as the inflation target succeeds in providing an anchor for the formation of inflation expectations and, in particular, for the wage bargaining process. This creates a role for regular central bank communication to help markets filter macroeconomic news. However, in situations where there is a risk that inflation may deviate considerably from the target over a lengthy periods, or confidence in monetary policy is in jeopardy, a rapid and pronounced change in the interest rate may remain appropriate.
The results confirm the view that central banks tend to smooth the adjustment of interest rates over several quarters, thereby increasing the predictability of monetary policy conduct. However, the extent to which central banks rely on smoothing appears to differ across countries and over time. In particular, for Australia, Norway, and Sweden, the coefficient on the first lag appears to be close to one, while the second lag displays a significant corrective behavior, signaling more elongated and predictable interest rate movements in response to changes in the macroeconomic environment and, hence, a greater use of the expectation channel of monetary policy. Previous work in this area indicates that the strength of the expectation channel relates to the degree of forward-looking behavior in the rest of the economy, which-in turn-can be seen as the policymaker's reward for ensuring monetary stability.
19 Figure 4 -plotting parameter estimates from rolling regressions over successive forty-quarter windows-shows that, in this respect, Norges Bank (and, to a lesser extent, the Swedish Riksbank) has enjoyed the greatest confidence gains over recent times, possibly in connection with its latest switch to a longer adjustment horizon. At the other end of the spectrum is New Zealand (and, to a lesser extent, Canada), for which the degree of smoothing seems to be lower.
Central banks' response to real exchange rate misalignments have varied over time. Indeed, the sample period 1984Q1-2004Q2 transcends several different monetary regimes for almost all countries in the sample. Rolling-window estimates of the exchange rate responses ( Figure  5 ) suggest that, even if the level of the implied instrument rate is very similar to the one implied by the standard forward-looking Taylor rule, central banks in each of the six countries have effectively targeted the exchange rate at some point over the sample. Norway and Sweden, for example, have been concerned about exchange rate misalignments until the first half of the 1990s. Over the last decade, however, interest rate responses to deviations of exchange rates from target have become statistically insignificant. Conversely, for the United Kingdom, exchange rate disequilibria have been important in determining the interest rate target around the sterling devaluation of 1992 and during the protracted sterling appreciation of the mid-to late 1990s. As suggested below, the statistical significance of the central bank's reaction to exchange rate disequilibria may in fact reflect the size of the disequilibria themselves, rather than the formal monetary regime actually in place.
20
19 On this point, see also Bayoumi and Sgherri (2004a, 2004b) . 20 A similar argument is suggested by Chadha, Sarno, and Valente (2004) . 
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IV. DISCUSSION
Inflation targeting is now a well established framework for the conduct of monetary policy. The experience of advanced open economies has been that the period of inflation targeting has delivered favorable economic outcomes. According to surveys, medium-term inflationary expectations in these countries remain well anchored, thereby contributing to stabilizing inflation around the target and amplifying the effects of monetary policy itself. Expectations concerning inflation and economic stability are indeed of crucial importance for both wage-price formation and the stability of the foreign exchange market.
Inflation targeting has evolved over time across a number of dimensions, notably the degree of flexibility and the approach to communication. The evidence seems to confirm that, across advanced open economies, the regime has recently become more flexible, allowing greater scope for inflation to vary around the target and, as a result, for broader macroeconomic goals to be taken into account. As central banks have started to smooth the adjustment of interest rates over a longer horizon, the predictability of monetary policy conduct has also increased. In addition, monetary authorities have gradually become more and more transparent, improving the scope of their communication and delivering it in more varied forms.
Although with some significant differences across countries, the paper finds that exchange rates are generally not key for systematic monetary responses in inflation-targeting, open economies. More precisely, if a country attempts to target core (rather than headline) inflation, the exchange rate does not seem to enter as a separate argument in interest rate rule. At the same time, however, exchange rates are found to be valuable inputs into the monetary policy decision-making process, as information variables.
As stressed by Taylor (2001) , there may be two reasons why central banks' actions in open economies are better described by interest rate rules not entailing a direct response to the exchange rate. First, if the policy rule is based on (rational) expectations of future inflation and output, a short-run appreciation of the exchange rate at time t will be expected to translate into lower output and inflation in the future. As such, a policy rule like equation (3) will entail a decline in interest rates today, even though the exchange rate does not appear directly in the rule. Second, in some situations, changes in the real exchange rate might reflect changes in productivity that should not be offset by the monetary policy. As such, while fluctuations in the exchange rate may not have much consequences on inflation expectations-and thus have little impact on the interest rate through this channel-these movements may result in dangerous swings in interest rates if there were a strong direct reaction to them. Finally, our findings may be consistent with the view that, while committed to a flexible inflation targeting regime, central banks may still act in response to exchange rates on occasions when there is a need to smooth out high volatility in foreign exchange markets that could destabilize domestic inflation. Indeed, to detect unsystematic interest rate responses to abrupt corrections in the exchange rate (or in any other asset price), a nonlinear framework of analysis could be more helpful than a standard linear framework like the one used in this paper.
